I. INTRODUCTION
Hall effect [1] , [2] is physical phenomena of carrier charge moving in solid-state semiconductor material under magnetic field. The voltage induce between the sensitive contact is called Hall voltage. Hall device are applied for characterization on electrical properties of semiconductor material and used for magnetic sensor device. Therefore, Hall effect are used for several device for magnetic sensing such as Hall plate, magneto-diode and magneto-transistor [3] , [4] . One of the structures, which is used for response to magnetic field, is "Hall plate device". This device has several advantages such as high linearity response, uncomplicated structure, it can be connected to the signal conditioner circuit with easily and easy for the further development. Therefore, this device is used for various fields. Especially, an application to magnetometer an improvement for its response more than one dimension.
Generally, conventional Hall plate device can respond to only one magnetic field component, which is sensitive to perpendicular magnetic field to surface area of device. For magnetometer by using a conventional Hall plate device has a limitation in term of magnetic field direction. Consequently, Hall magnetic sensor is developed for sensitive to parallel field is called Vertical Hall device [4] . The development of magnetic sensor that can be responding to magnetic field more than one direction is importance to increase the capability of magnetic measurement.
Therefore, this research presents 2-D Hall sensor, which can be respond to both magnetic field directions, perpendicular field and parallel field for an application to magnetic flux density measurement. The 2-D Hall sensor device is fabricated base on planar silicon technology with only five ohmic contacts on p-type silicon substrate. In the primary experiment, sensitivity of two magnetic field directions was tested. The Hall voltage signals are amplified in order to increase sensitivity of both magnetic field responses for applied to magnetometer. The 2-D magnetometer is calibrated comparing with standard magnetometer. In this results show the dominant feature of this device are responding to both magnetic field detection (perpendicular field and parallel field), simply structure, low cost and can be applied to 2-D magnetometer opportunely.
II. DEVICE STRUCTURE AND OPERATION
The Hall device is designed in Hall plate structure for two dimensions of magnetic response and is fabricated by using silicon planar technology at Thai Microelectronics Center (TMEC). This structure, the five Aluminum ohmic contacts are made on the p-type silicon substrate that have resistivity as 20-30Ω.cm. Fig. 1(a) shows the five ohmic contacts consists of C 1 , C 2 , C 3 , C 4 and C 5 on the active area as 600×300μm 2 of this device. 
III. EXPERIMENTAL
In the experiment, the sensitivity characteristic of 2-D Hall device was tested on two directions of magnetic field, perpendicular field and parallel field that interact with active area of this device. The 1mA constant direct current is applied to C 1 , C 2 and C 5 through two resistors that connect to C 1 , C 2 is shown on Fig. 2 under the two magnetic field direction (B z and B x ) from 0-5,000 Gauss that are varied by electromagnet. The perpendicular field response is measured cross C 3 to C 4 of Hall voltage ohmic contact and the parallel field response is measured at C 1 and C 2 .
In the next experiment, the Hall device is connected to instrument amplifier circuit [5] is shown in Fig. 3 for amplify output voltage with two different gain as 3,400 and 10,230 times for B z and B x response of 2-D Hall device respectively, the sensitivity response was tested on two directions of magnetic field at magnetic flux density as 0-5,000 Gauss that shows in Fig. 4 . Furthermore, this device is introduced to test the response that depend on an angle of magnetic field interact with 2-D Hall device from 0-180 degree in the magnetic flux density as 5,000 Gauss. The last experiment, this Hall device is applied for magnetic measurement system is shown in Fig. 5 which consist of 2-D Hall device, signal conditioner circuit, micro-controller (PIC-18F252) for convert data from analog Hall voltage signals to digital signals by using ADC 12 bit and the last is flux density computation and monitoring by using Lab-View programming. 2-D magnetometer is tested to demonstrate the accuracy of the measurement system and calibrates compare with standard Gaussmeter (F.W.BELL5170) by using the five point test method [6] at maximum flux density as 4,000 Gauss.
IV. RESULT AND DISCUSSION
From the results of 2-D Hall device response while bias 1mA constant current to C 1 , C 2 and C 5 through two resistors and apply magnetic perpendicular field and parallel field to active area of this sensor. The perpendicular and parallel field response of this device is
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presented by solid line and dash line respectively that show in Fig. 6 , and can be demonstrated a high linear response of both magnetic field directions.
Furthermore, the sensitivity all both directions respond can be described by slope of linear equation. For perpendicular field response has sensitivity as 85.182 μV/G and parallel field response is 29.982 μV/G Moreover, the result of perpendicular field response also shows the sensitivity greater than 2 time compare with parallel field response. All of the results are confirmed that the two dimensions response to this Hall device. Generally, the response of analog Hall voltage signal is very small approximated in order of micro-volt per Gauss. This signal must be amplified to be able to use with other application. Therefore, in this experiment, the signals of two magnetic field response are amplified by using Instrument Amplifier (IA) with two different gain approximately as 3,400 and 10,230 time for B z and B x response respectively is shown in Fig. 7 in order to increase the sensitivity response. Finally, this Hall device is applied for 2-D magnetometer by using linear equation of both field responses to calculate magnetic flux density. Therefore, the 2-D magnetometer is calibrated in order to enhance accuracy of the system all two dimensions by using the five point test method at 0, 25, 50, 75 and 100 percent of maximum magnetic flux density as 4,000 Gauss. And as the result, the value of flux density are measured by using 2-D magnetometer and compared with F.W.BELL5170 standard magnetometer.
The calibration curve has shown in Fig. 9 and Fig. 10 which is relation between the measurement values of this system and standard setting values. Generally, the precision of instrument can be considered by a coefficient of determination (R 2 ), which should nearby 1. Therefore, calibration curves that show in Fig. 9 and Fig. 10 are presented the precision of the 2-D magnetometer that can be considered by a coefficient of 
V. CONCLUSION
The low cost 2-D Hall device is fabricated by using planar silicon technology on Hall plate structure. This device shows the functional combination of two directions magnetic field response by only five sensitive ohmic contact. All of the results present advantage of the this device, which can be respond to magnetic field more than one direction, perpendicular field (B z ) and parallel field (B x ) by using simply structure and also to connect with signal conditioner circuit by using instrument amplifier for sensitivity response increasing with a high linear response. And as the result of an application for 2-D magnetometer are shown the precision of magnetic flux density measurement with the term of coefficient of determination (R 2 ). The precision of this system is demonstrated by calibration curve with coefficient of determination equal to 0.9999 for perpendicular field response and 0.9998 for parallel field response and has the accuracy percentage less than 3% in magnetic measured range 0-4,000 Gauss.
